Utilization of communication technologies
and platforms for laundry business
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Overview: IoT process steps
•

Each object (e.g. laundry container) is assigned
with unique ID

•

Data sensors in different form, e.g. RFID tags,
sensor networks transmit digital signals of
objects

•

Coding layer
Perception layer

Receive information from sensors and transmit it
via different technologies (WiFi, Bluetooth,
Zigbee, 3G and protocols like IPv4/6, MQTT,

Network layer

DDS) to the processing system in the Middleware
•

Process and store all information in a database
e.g. Cloud computing

•

Middleware layer

Based on processed data, this layer enables the
application of IOT, e.g. smart laundry;
Furthermore, the management and development
of business models regarding IOT is necessary

Application & Business layer
M.U. Faroog et al., International Journal of Computer Applications, 113, 2015.

Overview: Communication technologies
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Important communication technologies
for laundries
• RFID technology: Already used in laundries as stand-alone technology or in combination with barcode tags for
tracking of laundry, containers and other assets. RFID technology may became even more important if it will be
combined with sensor technology. RFID is also interesting in combination with other communication

technologies like GPS localization, i.e. tracking of transport fleet.
• Bluetooth or Bluetooth 4.0 LE: Yet, its use is still limited, but maybe it will gain in importance due to full
automation of laundries. For example, combination of inline multi-parameter sensor platforms and laundry
process workflow via Bluetooth as communication technology.
• Wi-Fi: An important technology for connecting mobile devices to internet system. It can be used for variety of
applications in laundry business, e.g. in the future, for multi-user virtual reality training in which the Oculus
Go VR glasses are connected via Wi-Fi with each other.

RFID technology
•

“The Radio Frequency Identification (RFID) technology has been initially introduced
for identifying and tracking objects with the help of small electronic chips, called tags.
RFID has been originally categorized as the enabling communication power for the
Internet of Things, due to its low cost, low power consumption, high mobility and
efficiency in identifying devices and objects. Despite RFID is very common for device
identification and some information exchange.

Technical data:
 The common reading range is about <10 m
 RFID communication modules do not provide any implementation of the TCP/IP
communication protocol (or any other protocol).
 Data rates are quite low (up to 1Mpbs)
 There is a need for an Internet-enabled gateway that will provide access to the devices
for making a complete IoT network.
Challenge:
•

It cannot alone support the creation of IoT networks since it cannot provide any direct
or indirect (e.g., through a gateway) communication to the Internet.
The device proximity is also another drawback.”

A. Rehman et al., Wireless Sensor Networks for Developing Countries: First
International Conference, WSN4DC, Jamshoro, Pakistan, 2013.

Operating principles of RFID-based solutions

Relevant standards for laundries
LF – Low Frequency –
125kHz – 135 kHz

HF – High Frequency
– 13,56 MHz

UHF – Ultra High
Frequency – 860 MHz
– 960 MHz

Energy supply

passive

passive

passive

Reading range

less than 1 m

max. 1,7 m

approx. 6 m

Transmission rates

low

middle

high

Influence through fluids

no influence

small influence

strong influence

Influence through metal

strong influence

strong influence

very strong influence

Alignment of
transponder

not necessary

not necessary

sometimes necessary

Trends in industrial laundries

Bluetooth technology
•

„Bluetooth is an IEEE 802.15.1 standard for low cost, low power consumption
short range and cheap devices of wireless radio technology.

Technical data:
 Due to its global standard it is also known as WPAN (Wireless Personal Area
Network).
 It is very important as many of the devices that one would like to
interconnect to IoT (i.e. sensors, actuators) having limited power resources.
Challenges:
•

A major drawback of Bluetooth is that it cannot provide direct connectivity
to the internet. Once has to provide an intermediate node, e.g., a PC that will

act as a gateway to the outer world.
•

An alternative is the Bluetooth low energy (BLE). It is a subset to Bluetooth v
4.0. It has new protocol stack and new profile architecture. It provides new

https://www.androidpit.de/

adverting mechanism, quick discovery and uses Asynchronous connectionless MAC for low latency rate and fast communication.“

A. Rehman et al., Wireless Sensor Networks for Developing Countries: First
International Conference, WSN4DC, Jamshoro, Pakistan, 2013.

Role of Bluetooth in Cyber Physical
Systems
• “Unlike more traditional embedded systems, a fullfledged CPS is typically designed as a network of
interacting elements with physical input and output
instead of as standalone devices.”[1]

• Infrastructure
• Many distributed sensor nodes
• One gateway acting as interface to the process
backend (e.g. cloud)
• Communication

• Wirelessly or wired
• This presentation focuses on the hardware, i.e.
embedded sensor system (sensor node)
[1] Lee, Edward (January 23, 2008). "Cyber Physical Systems: Design Challenges". University

of California, Berkeley Technical Report No. UCB/EECS-2008-8. Retrieved 2008-06-07.

Role of Bluetooth in Cyber Physical
Systems
• Sensor frontend with transducer and analogto-digital converter
• Sensor interface (I²C, SPI, …)

• Data storage (RAM, flash memory, …)
• Data processing (microcontroller, digital
signal processor, FPGA, …)
• Communication interface (bluetooth low
energy, I/O link, …)
• Power supply (mains, battery, energy
harvesting, …)

Cloud computing
• “With millions of devices expected to come by 2020, the cloud seems to
be the only technology that can analyze and store all the data
effectively.
• It is an intelligent computing technology in which number of servers
are converged on one cloud platform to allow sharing of resources
between each other which can be accessed at any time and any place.
• Cloud computing is the most important part of IoT, which not only
converges the servers but also processes on an increased processing
power and analyzes the useful information obtained from the sensors

and even provide good storage capacity. But this is just a beginning of
unleashing the true potential of this technology.”

M.U. Faroog et al., International Journal of Computer Applications, 113, 2015.

Critical view on communication
technology
• Standards regarding application of communication
technology in laundries are missed e.g. RFID standard.
Furthermore, also there is no standards available
describing globally utilization of IoT concepts.
• Regarding the Network foundation, the communication
technologies (among others in laundry business) facing
challenges. Limitations imposed due to current internet
architecture for mobility, scalability, manageability and
availability.
A. Rehman et al., Wireless Sensor Networks for Developing Countries: First International Conference, WSN4DC, Jamshoro, Pakistan, 2013.

Critical view on communication
technology
• Especially in the area of Security, Privacy and Trust, the communication
technologies (e.g. application of IoT concepts in laundries) are still object
of optimization and research.
• Examples:
• Proactive identification and protection of IoT networks e.g. in laundries
from arbitrary attacks (e.g. DoS and DDoS attacks) and malicious software.
• There is no privacy control over personal information and location privacy
of individual’s physical location and movement.  To who belongs the
data acquired in laundries e.g. laundry machine conditions?
• To completely trust in communication technologies and IoT, these
system’s design must provide built-in trust facility for each available
service.
A. Rehman et al., Wireless Sensor Networks for Developing Countries: First International Conference, WSN4DC, Jamshoro, Pakistan, 2013.

Application cases – Localization
RFID is not a locating technology, but combination with
other technologies is possible e.g. GPS


Example:
Loading of truck with containers (RFID identification)
coupled with GPS localization

 Benefits:
automated planning of tours and reducing/avoiding
misleading; further benefits could arise after a launch
of autonomous driving
He. W et al. A solution for integrated track and trace in supply chain based on
RFID & GPS 2009, IEEE Conference on Emerging Technologies and Factory
automation. 1-6.

Application cases based on combination
with VR/AR and AI
• Automatic processing of data via Artificial Intelligence (AI)
algorithms allows the optimization of logistic processes


agile logistic workflow
Lee, C.K.M. et al. Design and development of logistics workflow

on demand

management with RFID, Expert Systems with Applications 2011, 38(5),1-36.

• The usage of Augmented Reality (AR) coupled with RFID
improve quality assurance in laundries e.g. distance
maintenance and support, Ginters,E. et al. Low cost augmented reality and
RFID application for logistics items visualization, Procedia Computer Science 2013, 26,
3-13.

Application cases based on combination with
sensors or using dual reading range concepts
NFC
antenna

• Combination of textile-based sensor system with passive RFID
technology:

UHF
antenna

 textile moisture sensor (electrically conductive sensor
fibers in a textile matrix), RFID chip and monitor
wfk institute, Drying process control with textile moisture
content monitor, IGF project 19133 BG, 2019.

• Textile-based RFID sensors (embracing the read range from UHF to

Integration

antenna for energy and data transfer

NFC) for optimizing the manufacturing and user comfort of
compressions stockings
Gera-Ident GmbH/Hohenstein, project RFIDMEDTEX,
unpublished results, 2019

